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Optical rdm 

Background of the Invention 

5 The use of a variety of structured surface fUms in backlit displays is well known. 

For example, U.S. Patent No. 5,161,041 ("Abileah") describes a prismatic film to enhance 
the apparent brightness of a backlit liquid crystal display. The Abileah patent fiirther 
describes the use of two such structured surface films, preferably with the structures 
oriented perpendicular to one another, to fiirther enhance the apparent brightness of such a 

10 display. In general, the increase in on-axis brightness produced by such a structured 

surface fihn is known as the "gairf* of such a fihn. The on-axis gain of a film refers to the ' 
ratio of the intensity of light as measured in a du-ection perpendicular to the backlight with 
the film to the intensity observed in a direction perpendicular to the same backlight without 
the fihn. 

15 Other structured surfece films may be used to redirect light traveling m one 

direction to a more desired output angle. United States patents 4,984,144 ("Cobb et al.") 
and 5,190,370 ("Miller et al."), the teachings of which are incorporated herein by reference, 
teach light fixtures utiliang such films. These light fixtures could be used as backlights for 
displays. 

20 One problem with using films such as those described above in a display that is 

intended for close viewing, such as a computer display, is that the cosmetic requirements 
are very high. This is because, when such displays are studied very closely or used for an 
extended period of time, even very small defects may be visible and annoying. Elimination 
of such defects can be very costly both in inspection time and discarded materials. 

25 There are several approaches to the problems created by the visibility of such small 

defects and consequent low manufacturing yield. One solution is to simply accept the 
relatively high rejection rate of common manufacturing processes. A second solution is to 
provide more efficient, and expensive, clean rooms, use only uhra-clean materials, use 
extraordinary care in the preparation of manufacturing tooling, and employ extremely rigid 

30 quality control procedures. While this will reduce the waste, it can introduce even more 
expense in order to produce higher yield. 
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Another solution is to provide the film with a difluser. This may be a matte finish 
on the smooth side, the structured side, or both, of the fihn or a bulk difiuser provided in 
the film. Such diffiisers will hide many of the defects, making them invisible to the user. 
This will significantly improve manufacturing yield, while only adding a small increase in 
cost to the manufactured part. The disadvantage of this approach is that the diffiiser will 
scatter the light and thus decrease on-axis gain. Therefore, a diffiiser will increase yield but 
at the expense of some performance. 

Another problem that has been observed m prior art systems utilizing two sheets of 
brightness enhancing fihn, as described above, is known as *Svet-out." Wet-out occurs as a 
result of optical coupling between the prisms of one sheet and the smooth surface of the 
other. The optical coupling prevents total internal reflection fi-om occurring along these 
peaks, thus destroying the brightness enhancing effect desired. The result is a mottled and 
varying appearance to the backlight. 

Summary of the Invention 

According to the present invention an optical film has structures that vary in height along 
their length where the variations have a nominal period of less than forty times the nominal 
height of the structures. In some embodiments of the invention the variation is random. 

Bncf Description of the Drawings 

FIGURE 1 shows a display utiliang a brightness enhancing film; 
FIGURE 2 shows a brightness enhancing fihn; 

FIGURE 3 is a graph showing the operation of a brightness enhancing fihn; 

FIGURE 4 shows a brightness enhancing fihn of the prior art; 

FIGURE 5 shows an optical fihn according to the invention; 

FIGURE 6 is a photo-micrograph of an optical film accordmg to the invention; 

FIGURE 7 is a photo-micrograph of an optical fihn accordmg to the invention; 

FIGURE 8 shows a second optical fihn according to the invention; 
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FIGURE 9 shows a fast tool servo actuator for use in manufacturing a film according to the 
invention; 

FIGURE 10 shows a third fihn according to the invention; and 

FIGURE 1 1 shows a light fixture utiliang a light redireaing film according to the 

invention. 

Bgffliled Description 

Figure 1 illustrates a first embodiment of a display, 10, according to one aspect of the 
inventioa Display 10 includes a case 12. Display 10 includes an area source of Ught 16 and a 
structured surfece material 18. G«ierally, area light source 16 is a thin, solid light guide that 
receives light through one or more of its narrow edges Brom one or more line light sources, such 
as fluorescent tubes, although otha- area light sources such as electroluminescent materials may 
be used. Typically, if a solid light guide is used, it will be of an acrjdic material and conduct light 
by total mtOTial reflectioa Generally the light guide will have diffusely reflective dots on the 
back to extract light in the direction of structured surfece material 18. The operation of such 
area Ught sources is wdl known in the art. A reflective material, 19, is preferably portioned 
behind area light source 16. Reflective material 19 is preferably a diffuse reflector. 

Structured surfece material 18 has a anooth surfece 20 and a structured surfece 22. 
Smooth surfece 20 Ues toward the back of display 10 and structured surfece 22 Ues toward the 
fiont. Structure surfece material 18 and area light source 16 are separated by an optical 
diffiiser 24. Structured surfece 22 has a light exit wedge associated therewith and smooth 
surface 24 has a light entry wedge assodated therewith, where the light exit wedge i s narrower 
that the light entry wedge. Although surfece 24 is described here as smooth, it could also have 
structures thereon. Structured surfece material 18 and its operation in the invention will be 
desaibed in greater detail in conjunction with Figures 2 and 3. 

Display 10 fiirther includes a light gating device 26. Typically light gating device 26 is a 
Kquid aystal display, although other li^ gating devices may be used. As is weU known in the 
art, a licpiid crystal display may be made transparent or opaque, in the case of a monochrome 
display, or transparrat or a variety of colors in the case of a color display by the proper 
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appUcation of dectrical agnab. This will fonn images that wiU be visible vAiea area Hght source 
16 is illuminated. Display 10 fiirther indudes a transparent cover sheet 28. 

Figure 2 is an enlaigemait of stiuctured surfece material 18 of Figure 1. As desaibed 
previous^, structured surfece material 18 has a smooth ade 20 and a structured side 22. 
Structured ade 22, in the preferred embodiment, indudes a plurality of triangular prisms. In the 
prefeired embodiment, sudi prisms are right isoscdes prisms, althou^ prisms having other peak 
angles may be used. Prisms with peak angles in die range of 70 degrees to 110 degrees have 
been shown to work with varying degrees of effectiveness widi the invention. Furthermore the 
peaks, valleys or both of the prism stmctures may be curved in cross section. Although this will 
decrease the gain provided by the structures, it will provide other effects that are sometimes 
dearable 

Structured surfece mataial 18 may be of ai^ transparent material having an index of 
refraction greater than that of air, but, in general, tiie materials with higher indices of refraction 
will produce betto- results. Polycaibonate, vAada has an index of refraction of 1.586, has 
proven to woric very effectively. For purposes of description of a preferred embodiment of the 
invention, the prisms on structured surfece 22 will be assumed to have induded angles of 90 
d^ees and structured surfece material 1 8 will be assumed to be of polycarbonate. 

Rgure 3 illustrates die operation of stiuctured surfece material 18. Figure 3 is a gr^h 
having two axes 26 and 28. These axes represent the angle that a Ught ray makes to a normal to 
smootii surfece 20. Specifically, axis 26 represents tiie angle that the Ught ray makes when the 
direction of the light ray is projected into a plane paralld to the linear extent of the structiires on 
structured surfece 22. Similariy axis 28 represents the angle tiiat die light ray makes to a normal 
to smootii surfece 20 when tiie direction of tiie Ught ray is projected into a plane perpendicular 
to the Unear extent of the structures on structured surfece 22. Thus a Ught ray striking 
perpendicular to smootii surfece 20 would be represented by tiie origin, labded 0 degrees, of tiie 
graph of Figure 3. As may be seen. Figure 3 is divided into regions 30, 32, and 34. Light rays 
striking at angles tiiat fell witiiin region 30 wiU enter structured surfece material 18 but be totally 
internally reflected by structured surfece 22 so tiiat tiiey pass tiirough smootii surfece 20 a 
second time and reenter difiiiser 24. Light rays striking smootii surfece 20 at an angle such tiiat 
tiiey fell in region 32 or 34 will be transmitted but refracted to a different angle witii respect to 
tiie normal. As may be seen from Rgure 3, which represents tiie performance of polycarbonate. 
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any light ray striking smooth surfece 20 at an angle of less than 9.4 degrees to the nonnal, will 
be reflected. 

Returning to Figure 2, four exOTq)laiy light rays are shown. The first, light ray 36, 
approaches smooth surface 20 at a grazing angle, i.e., an angle to the nonnal approadiing 90 
degrees. If light ray 36 makes an an^e of 89.9 degrees to the normal to surfece 20 whai it 
strikes structured surfece mataial 18, it will be refracted such that it makes an angle of 39.1 
d^rees to the normal as it travds through structured surfece material 18. Upon reaching 
structured surfece 22, it will be refracted agaia Because of the structures on structured surfece 
22, it will be refimrted so that again it will make a smalle- angle to the nonnal to structured 
surfece 20. In the exanq)le it will make an angle of 35.6 degrees. 

light ray 38 approaches smooth surfece 20 at an angle much dosCT to the normal to 
smooth surfece 20. It also is refracted as it passes throu^ smooth surfece 20, but to a lessor 
extent If light ray 38 approaches smooth surfece 20 at an angle of 10 degrees to the normal to 
smooth surfece 20, it will emo-ge from stmctured surfece 22 at an angle of 37.7 degrees to the 
normal to smooth surfece 20 but on the opposite side of that normal. 

li^ ray 40 approaches at an angle even dos«- to the nonnal to smooth surfece 20 than 
did light r^ 3 8 and is totally intmially reflected twice by stmctured surfece 22 and returned to 
the intCTor of display 10. 

Rnally, light ray 42 approaches smooth surfece 20 at an angle similar to that of light ray 
38, but in a location such that it is totally internally reflected by one side of a prism on structured 
surfece 22 but not by the second ade. As a result it em«ges at a large angle to the normal to 
smooth surfece 20. Because such a reflection only occurs to a light ray that is travding in a 
direction that fonns a high incidence angle to the side it strikes, the prisms provide a very smaH 
cross section to such rays. In addition many of those rays will reenter the next prism and be 
returned into display 10. 

A fifth class of Ught ray is not shown in Figure 2. This is the set of light rays that are 
reflected by smooth surface 20 and do not enter structured surfece material 1^ SuchUghtrays 

simply join the others that are reflected back into display 10. 

As may be seen &om this discussion, light that, absent structured surface material 18, 
would have emerged from the display at a high angle to the axis of the display, where the axis of 
the display is taken to be the nonnal to smooth surfece 20, is redirected into a direction closer to 
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thataxis. AsmaflamourtofHgJitwiUbedirectedomatalaigean^ Thus,wemay 
say that light that enters structured surfece material 1 8 through anooth surfece 20 with an angje 
of inddence greater than a predetermined angle is directed into an output wedge that is 
narrower than the input wedge and the nugority of the light that ent^s structured sur&ce 

5 material 18 through smooth surfece 20 at an angle of inddence of less than that predetermined 
angle will be reflected back into display 10. 

The light that is reflected back into display 10 wll strike reflector 19 and diffusa" 24, 
This li^ wll be reflected and diflSised and then will travel back to structured surfece matmal 
18, in g«ieral at a different angle than it made the first time. The process is then repeated so 

10 that more of the light is redirected into the smalio- wedge. Generally, a brightness enhandng 
fihn such as structured surfece material 18 vrill be capable of reflecting light striking it in a first 
predetermined group of angles and passing, but refracting, light striking it in a second 
predrtOTnined group of angles \^*erein the angles in the second group of angles are greater than 
those in the first group of angles and wherdn the light in the second group of angles is refiracted 

15 into an output wedge that is narrower than its irqnit wedge. Furthermore, the system must be 
capable of recycling the light that is reflected by structured surface film 18 so that the mqority of 
the light available to the system is eventually emitted in the narrower output wedge. 

FIGURE 4 shows a typical brightness aihandng fihn of the prior art, designated 
generally as 40. Brightness enhandng film 40 has a smooth surfece 42 and a structured surfece 

20 44. Structured surfece 44 inchides a phiralityoflinear prisms aich as prism 46. Each prism on 
structured surfece 44 has a peak sudi as peak 48. Each peak such as peak 48 has assodated 
therewith a peak angle such as peak angle 50. Preferably, the peak angles such as peak angle 50 
are 90^ ahhough deviation fiom 90** is posable. Furtherniore, it is known that the peaks such 
as peak 48 may be curved in cross section rather than sharply pomted. Using a curved or 

25 rounded peak, howev^, will reduce the gain of the brightness enhancing film. Genially, 
however, according to the prior art, the peaks such as peak 48 have been straight lines that 
individually maintained an essratially uniform distance fi-om surfece 42. In some prior art 
OTbodunKits, surfece 42 is not planar but has a structure thereoa In such cases, there is a plane 
that is generally assodated with surfece 42 and peak line 48 runs at a constant distance fi-om the 

30 plane assodated with surfece 42. 
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Figure 5 shows an optical film 60 according to the present invention. Optical film 
60 a structured surfece 64 and an opposing surface 62. Opposing surface 62 could be 
optically smooth or could be relatively smooth but provided with a matte surfece or other 
surface difiRiser. Alternatively, various structures could also be formed on opposing surfece 
62. 

Structured surface 64 has a plurality of structures such as structure 66. For a 
brightness enhancing film structure 66 acts effectively like the prisms of Figure 4 but the 
peak does not form a straight line as do the peaks of the structures of Figure 4. Instead the 
heights of the peaks of the prisms of the film shown in Figure 5 vary continuously along 
their lengths. .Similarly the depths of the vaUeys between the peaks vary continuously. 
Alternatively stated, the distances fi-om the peak lines and/or the valley lines of the 
structures on structured surfece 64. or simply from the structures themselves, to the plane 
associated with opposing surfece 62 are continuously vaiying. In general, the actual 
heights of the structures, or the distances firom the structures to the plane associated with 
opposing surfece 62, vary between 2% and 12% and more preferably between 4% and 8% 
of the nominal or average height of the structures. The nominal or average period of the 
variations preferably should be between four and forty times the height of the structures. 
More preferably, the nominal period of the variations should be between five and sateen 
times the nominal height of the structures. Preferably, the actual height varies by an 
amount and with a nominal period sufficient to substantially mask the small cosmetic 
defects typically encountered in the manufacturing process. Preferably, the actual height 
varies by an amount and with a nominal period sufficient to substantially mask cosmetic 
point or spot defects having maximum dimensions equal to or less than eight times or more 
preferably equal to or less than ten times the nominal height of the stnictures and most 
scratch defects. 

This variation in the heights of the prisms causes several unexpected results. First 
films according to the invention do not look Bke high performance, transparent, optical 
films. Instead they have a deceptive, ahnost hazy, appearance that masks some of the smaU 
defects in the prism sheets discussed above. This can considerably improve the yield of the 
manufecturing process. Second, it reduces the area where the structured surfece of a prism 
sheet can contact the smooth surfece of an adjacent sheet, thus reducing the area where 
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optical coupling can occur. This significantly improves the visual quality of the assembled 
display. Films of the invention will also help to eliminate or hide moir6 patterns resulting 
fix>m interference between Uie prisms and tiie pixel pattern of the LCD. The most 
surpriang result, however, is tiiat a brigjitness enhandng film according to tiie invention 
accomplishes all of this while still providing essentially tfie same gain as a prior art film of 
the same material and having the same prism spacing or pitch. 

Brightness enhancing films according to the invention could be of any substantially 
transparwxt material. A bulk difRising matwal could be incorporated in a fitai according to 
tiie invention, altiiough in many cases this will degrade the performance of tiie optical film. 
Unitary, extruded films of acryUcs and polycarbonates work well. Alternatively, tiie film 
could be a two part construction in which the structured surface according to tiie invention 
is cast and cured on a substrate. For example, ultraviolet-cured acrylics cast on polyester 
substrates may be used. Fiteis of polyetiiylene terphtiialate ("PET') have been shown to 
work well as substrates on which structures of tiie invention may be cured. Biaxially 
oriented PET is often preferred for its mechanical and optical properties. A smootii 
polyester film tiiat may be used as a substrate is commercially available fi-om ICI Americas 
Inc. HopeweU, Virginia under tiie tradename MeUnex™ 617. A matte finish coating tiiat 
may be applied on a film to be used as a substrate is commercially available fi-om Tekra 
Corporation of New Beriin, Wisconsin under the tradename Mamot™ 75 GU. Otiier fihns 
could be used as well. These films could be chosen for tiieir optical, mechanical, or otiier 
properties. For example, a substrate could be a multi-layer optical film as described in 
published PCT patent application WO-97/01774 tiie teaching of which is incorporated 
herein by reference. Examples of otiier fitais tiiat could be used are wavelengtti selective 
multi-layer optical fihns and reflective polarizers. Reflective polarizers could be multi-layer 
fihns, cholesteric materials, or materials of tiie type disclosed in published PCT patent 
application WO-97/32227 the teaching of which is incorporated herein by reference . 

For brightness enhancmg films according to tiie invention, tiie included angles of tiie 
structures of structured surface may be any angle in the range of 70° to 110» and more 
preferably in tiie range of 80» to 100". Most preferably an angle of 90° is used to provide 
tiie highest gain. If a lower gain with a softer transition at tiie boundary of the output 
wedge is desired, the peaks or valleys or botii of the structures could be rounded. It is even 
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posable to use a continuously varying contour, such as a sinusoidal stracture, although the 
gain will be significantly reduced. In another embodiment the structures do not need to be 
symmetric. For example they could be canted as shovm in published PCX patent 
application WO-97/28468, the disclosure of which is incorporated herein by reference. 

TTie iMtdi of the structures of a brightness aihandng film according to the invention is 
prefoably betweoi 10 nm and 100 Mm and more preferably between 24 ^un and 50 ^m. A 
iritdi of 50 jun has been found to work quite wd The preferred pitch will depend, in part, on 
the pbcd pitdi of the liquid aystal display. The prism pitch should be diosen to help mimmize 
moir^ interference. 

Figures 6 and 7 are images of optical fflms according to the invention produced by a 
scamnng dectron microscope. Botii of the films shown have prismatic structures witii 90" 
included angles. The pitch of the prisms in each fihn is 50 \m. Reference numerals 68 and 
68* indicate prism peaks and reference numerals 69 and 69' indicate prism valleys. The variation 
of the peaks and vall^ of the prisms may be deariy seen in these images. 

Masters for the tools used for manufecturing brightness enhancing fihns, whether by 
extrusion or by a cast and cure process, may be made by known diamond turning 
techniques. Typically the tools are made by diamond turning on a cylindrical blank known 
as a roU. The surface of the roll is typically of hard copper, although other materials may 
be used. The prism structures are formed in continuous patterns around the circumference 
of tiie roll. In a preferred embodiment tiie grooves are produced by a technique known as 
thread cutting. In thread cutting, a single, continuous groove is cut on the roU while the 
diamond tool is moved in a direction transverse to the turning roll. If the structures to be 
produced have a constant pitch, the tool wiU move at a constant vdodty. A typical 
diamond turning machine will provide independent control of the deptii tiiat the tool 
penetrates the roll, the horizontal and vertical angles that the tool makes to the roU and the 
transverse vdocity of the tool. 

Figure 8 shows an alternative embodiment of tiie invention in which tiie structures 
have rounded peaks and valleys ratiier than tiie sharp peaks and valleys shown in Figure 5. 
In anotiier alternative embodiment, tiie variation in the structures may have sharp 
discontinuities ratiier tiian be smootiily varying as shovm in Figures 5 and 8. 
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In order to produce the structures of the invention a fiist tool servo actuator is 
added to the diamond turaing apparatus. A fast tool servo actuator, designated generally 
as 70, is shown in Figure 9. A diamond tool, 72, extends from a case including walls 74 
and back 76. Diamond tool 72 is supported by a piezoelectric stack 78. When 
piezoelectric stack 72 is stimulated by a varying electrical signal, it will cause diamond tool 
72 to be moved such that the distance that it extends from the case changes. It is possible 
for the piezoelectric stack to be stimulated by a signal of constant or programmed 
frequency, but it is generally preferable to use a random or pseudo random frequency. As 
used herein, the term random wiU be understood to include pseudo random. The tool so 
produced may then be used in standard extrusion or cast and cure processes to produce an 
optical film. 

In a test of the present invention a brightness enhancing film having a pitch of 50 
Mm and sharp prism peaks and vaUeys, all having included angles of 90", was made. The fist 
tool servo actuator was set to allow the diamond tool to move in the depth of cut direction with 
an ampHtude of 2 pm. Since the height of a right angle prism is half of Hs width, this made the 
variation equal to about 8% of the nominal height of the structure. The fest tool servo actuator 
was stimulated with white noise filtered by a band pass filter that transmitted 4KHz to 5.6KH2. 
The diamond turning machine was set so that the roU would turn at a speed such that its surfiice 
would have a velocity of approximately 0.8 m per second and a brightness enhancing pattern 
was thread cut on the roB. This produced a structured surfece pattern with a variation 
according to the invention having a nominal period of approximately 145 ^m. This pattern was 
a continuous groove on the roll with a nominal depth corresponding to the nominal height of the 
structure on the film to be manufectured. TTje result was a brightness enhancing fihn having 
essentially the same gain as one without the structure produced with the fast tool servo actuator, 
but with agnificantly fewer obsavable defects. 

Figure 10 is a side view of an optical film, 80, according to the invention Fihn 80 
inchides a substrate 82 and a structured surfece portion 84. The prism peak, 86, varies in height 
along its length. The prism valley, indicated by hidden line 88, has a similar variatioa 

Figure 11 shows a display, 90, using a Hght redirecting film according to the invention. 
Ught from Hghting element 92 is directed by reflector 94 into Bght guide 96. Ughting element 
92 is typically a fluorescent tube, although otiier lighting elements could be used. As shown. 
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light guide 96 is a wedge, but other shaq)es such as pseudo wedges could be used. light guide 
96 could be transparent or could indude a bulk diffuser. Light emerging from ligjit guide 96 at a 
low or graang angle will OTter redirecting fflm 98, light redirecting fflm 98 has a 
structured suifece side 100. Structured surfece ade 100 has a phirality of linear prisms such as 

5 linear prism 102. Linear prism 102 has a first ade 104 and a second ade 106. light from light 
guide 96 will alter light redirecting film 98 througji the first ades of the linear prisms such as 
first ade 104 and be totally intanally reflected by second ade 104 and emerge finom light 
redirecting film 98 through opposing surfece 106. The li^ will then pass through a light gating 
device 108. light gating device 108 is typically a liquid oystal. 

10 As with a brightness aihandng film, light redirecting film 98 could be extruded or cast 

and cured on a substrate. The sh^ and size of prisms such as prism 102 will be dictated by the 
design of light guide 96 and the nature of light gating device 108. Typically, Kght raiarging 
from light redirecting film 96 should be traveling in a direction normal to the airfeces of ligiht 
gating device 108. Generally, this wiU require that the sides of the linear prisms, sudi ^ 

15 104 and 108, are substantially flat. However, if a greater angular spread of light output is 
desired, the sides of the prisms may be curved in cross sectioa The linear prisms, such as 
prisms 102 may be symmetric or asymmetric. In general in symmetric designs the prisms for a 
light redirecting film will have peak angles in the range of 60^ to 72° and asymmetric designs 
vwll have analler peak angles. The exact design, however, wiU always depend on the backfight 

20 and deared result. 
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Claims 

What is daimed is: 

1. An optical film OTitpiang a stmctured surfed said structured 
surfece having a plurality of structures thereon, eadi of the stmctures having a nominal height 
and an actual hdght, said actual heights of at least some of said structures varying along the 
length of said structures, said variations having a nominal period of less than forty times said 
nominal hdgiht 

2. The optical fihn of Claim 1 wherdn said nominal period is between four and forty times 
said nominal height 

3. The optical film of Claim 1 wherein said nominal period is betwe^i five and axteen 
times said nominal hdght 

4. The optical film of Claim 1 wherein said structures are linear prisms. 

5. The optical film of Claim 4 wherein said prisms have induded angles in the range of 70** 
tollO^ 

6. The optical film of Qaim 5 ^^e^dn said prisms are symmetric. 

7. The optical film of Claim 6 wherein said nominal period is between four and forty times 
said nomiruil hdght. 

8. The optical fihn of Claim 4 wheran said prisms have inchided angles in tiie range of 60^ 
to72^ 

9. The optical fihn of Claim 8 wherdn said nominal period is between four and forty times 
said nominal height. 

10. The optical fihn of Claim 1 wherein said actual hrights of at least some of said structures 
vary along tfie lengtii of said structures by an amount between 2% and 12% of said nominal 
hdg^ 

11. The optical fihn of Claim 1 0 wherein said nominal period i s between four and forty times 
said nominal heigjit. 

12. The optical fihn of Claim 10 wherein said actual heights of at least some of said 
structures vary along tiie length of said structures by an amount between 4% and 8% of said 
nominal hdght. 

13. The optical fihn of Claim 1 whwdn said opposing surfece is a matte surfece. 
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14. An optical film c»inpriang a stmcturedsurfece and an oppoangsur^ 

suifece having a plurality of structures thereon, said structures having a nonunal hdgbt and an 
actual height, said actual haghts of at least some of said structures having a random variation of 
at least 2% of said nominal height 

15. An optical fibncompriang a structured surfece and an opposing surfece, said stmctured 
surfece having a phirality of structures thereon, said structures hawig a nonunal height and an 
actual hd^t, said actual hdght of at least some of said structures varyii^ by an amount and 
with a nominal period suffident to substantially mask small cosmetic defects in said optical fihn. 

16. The optical fihn according to Claim 15 wherdn said actual hdght of at least some of 
said structures varies by an amount and wth a nominal paiod aiffident to substantially mask 
cosmetic defects having maximum dimenaons equal to or less tiian dght times said nonunal 
hdght of sdd structures. 

17. An optical film comprising a structured surfece and an oppoang surfece said oppoang 
surfece having a plane assodated tiierewitii, said structured surfece having a phirality of 
structures thereon said structures having a nominal hdght, said structures varying in distance 
fiom said plane witii a nominal p«iod of less tiian forty times said nominal hdght. 

18. An optical film compriang a structured anfece and an oppoang surfece said oppoang 
ajTfece having a plane assodated therewitii, said structured surfece having a plurality of 
structures tiiereon, said stnicturBS lying a distance fiom add plane where said distance 
contiruiously varies with a varying period. 

19. The optical fihn according to Claim 18 wherdn said distance varies between a ma»mum 
and a minimum distance. 

20. An optical film according to Claim 1 8 wherdn said period varies randomly. 

21. An optical fihn comprising a structured airface and an opposing aufece, said 
opposing airfiice having a plane associated therewith, said structured surfece having 
thereon a plurality of structures, said structures reflecting light entering said fihn through said 
opposing surfece while making an angle in a first predetermined group of angles with a normal 
to said plane assodated with said opposing airfece and refi-acting light entering said optical fihn 
whUe making an angle in a second predetermined group of angles to add normal to said plane 
assodated with said opposing airfece aidi tiiat a majority of the light exiting add optical fihn 
tirough add structured airfece will exit in an output wedge that is analler tiian tiie input wedge 
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and said structures have a nominal hdght and an actual hdght, said actual hd^ of at least some 
of said structures continuously varying with a nominal period of variation less than forty times 
said nominal hdght 

22. An optical fibn comprising a structured surfece and an opposing surface, said 
opposing surfece having a plane associated therewith, said structured surface having 
thereon a plurality of structures, said structures reflecting light altering said film through said 
oppoang surfece while making an angje in a first predetermined group of angles with a normal 
to said plane assodated with said opposing surfece and refi:acting light entering said optical film 
while making an angle in a second predetermined group of angles to said normal to said plane 
assodated with said oppoang surfece such that a m^ority of the light exiting said optical film 
through said structured surfece will exit in an output wedge that is smaller than the input wedge 
and said structures have a nominal hdght and an actual hdgjrt, said structures having a nommal 
hdght and an actual hdght, said actual hdght of at least some of said structures varying by an 
amount and with a period suffident to substantially mask cosmetic defects having maximum 
dimoiaons equal to or less than dght times said nominal hdght in said optical film. 

23 . A display conq)rising: 
an area source of li^ 

an optical fihn having a structured surfece a Hght exit wedge assodated the^ 
oppodng surfece having a light entry wedge assodated therewith said exit wedge bdng 
narrower than said entry wedge, said opposing surfece fedng said area light source, and said 
structured surfece having structures thereon, said structures having an actual hdght and a 
nominal hdght, said actual height of at least some of said structures continuously varying with a 
nominal period of variation less than forty times said nominal hdght; and 

a light gating device separated &om said area source of light by said optical film. 

24. A display according to Claim 23 fiirther including an optical diflfiiser between said 
structured surfece material and said area light source. 

25. A display according to Claim 23 vs^erdn said light gating device includes a liquid crystal 
device. 

26. A display according to Claim 23 fiirtha- induding a reflector on a side of said area 
source of lig^t oppoate said structured surfece material. 
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27. A display according to Claim 26 wherean said light gating device indudes a liquid aystal 
device. 

28. A display according to Osm 27 fUrtho- including an optical diffusa" betweoi said 
structured sur&ce material and said area light source. 

5 29. A method ofmaking a tool for nianufecturing an optical fibn, said med^^ 

the step of thread cutting a groove havirig a nominal depth and an actual depth in a metal roll 
with a diamond tool v^erdn said diamond tool is supported by a fest tool servo actuator and 
said fist tool savo actuator is stimulated by a random signal such that the actual depth varies 
continuously. 
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